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HARDWARE ACCELERATOR FOR AN 
OBJECTORIENTED PROGRAMMING 

LANGUAGE 

RELATED APPLICATION(S) 

The present application is a continuation of U.S. applica 
tion Ser. No. 09/886,167 filed Jun. 20, 2001, now issued U.S. 
Pat. No. 6,983.357, which is a continuation of U.S. applica 
tion Ser. No. 08/965,540 filed Nov. 6, 1997, now issued U.S. 
Pat. No. 6,330,659, which claims benefit of U.S. Provisional 
Application No. 60/045,951 filed May 8, 1997, which are 
incorporated herein by reference in their entirety for all pur 
poses. 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The invention relates to object-oriented programming lan 

guages. More particularly, the invention relates to a hardware 
accelerator for an object-oriented programming language. 

2. Description of the Prior Art 
Object-oriented programming (OOP) is the name of a class 

of programming languages and techniques based on the con 
cept of an “object’. An object is a self-contained component 
which has a specific role in a program. OOP languages 
include C++, and the Java language, developed by Sun Micro 
systems, Inc. For the purposes of discussion only, the OOP 
language described herein is Java. 
An OOP defines classes of objects. A “class” is a prototype 

for an object, or a set of objects which share a common 
structure and behavior. An object, also referred to as an 
“instance', is a specific representation of a class. Each 
instance of a class is distinguished by its particular attributes. 
These attributes are defined by “instance variables'. The 
types and names of these instance variables are defined in the 
class. However, the values of the instance variables are set and 
changed in the object. 
The behavior of a class determines how an instance of that 

class operates. The behavior of a class is determined by a set 
of routines, referred to as “methods', that is associated with 
the class. An operation on an object is performed using a 
method. Methods are common to all instances of a particular 
class. 

Classes are hierarchically arranged. Each class in the hier 
archy may have a class above it in the hierarchy, referred to as 
a “superclass’, or a class below it, referred to as a “subclass'. 
Subclasses “inherit” attributes and behavior from their super 
classes. Thus, a Subclass does not have to redefine a behavior 
that is defined in a Superclass, but can inherit the methods and 
variables from the superclass. 

In an OOP procedure calls are described in terms of mes 
sage passing. A message names a method and may optionally 
include other arguments. When a message is sent to an object, 
the objects class is searched for the method named therein to 
determine how to perform the requested operation on the 
given object. If the method is not defined for the objects 
class, the object's Superclass is searched. This procedure is 
continued up through the class hierarchy until either the 
method definition is found or there is no higher Superclass to 
search. 
The arrangement of arguments for a procedure call is deter 

mined by a calling convention. The calling convention deter 
mines the particular order in which arguments are pushed 
onto a stack or entered in registers, as well as who is respon 
sible for removing the arguments. 
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2 
The calling conventions, or interface, by which an appli 

cation accesses an operating system and other services is 
referred to as the Application Programming Interface (API). 
In Java, the core Java API defines the minimal set of func 
tionality that must be supported for a platform to be consid 
ered Java compliant. 

Java Supports independent programs, referred to as appli 
cations, and dependent programs, referred to as applets. Java 
applets are programs that are transmitted over an electronic 
network and executed by an application provided on a receiv 
ing device. Examples of such electronic networks include the 
Internet, and a local area network system, referred to hereinas 
an intranet. Receiving devices include computers, personal 
data assistants, and Internet-capable telephones. 

For purposes of discussion herein, a Java applet will be 
assumed to be transmitted over the Internet to a receiving 
computer for display in a World Wide Web (Web) page. A 
Java application is a standalone program that does not need to 
be executed by an application, such as a Web browser pro 
vided on the receiving computer. 

Java is a platform-independent language that can run on 
any Java compliant computer system. The Java development 
environment includes a Java compiler and a Java interpreter. 
The Java compiler generates bytecodes from a Java program. 
Java bytecodes are machine instructions that are not platform 
specific. 
A platform-specific bytecode interpreter is used to execute 

the Java program. This bytecode interpreter is called the Java 
virtual machine. For applets, the bytecode interpreter is built 
into a Java-enabled Web browser. The Java virtual machine 
and its Supporting code are together referred to as the Java 
runtime system. 
The Java virtual machine includes a bytecode instruction 

set, a set of registers, an area for storing methods, a stack, and 
a garbage-collected heap. The Java virtual machine registers 
temporarily hold the data representing the machine’s state. 
The registers affect the machine's operation, and are updated 
after each bytecode is executed. The method area stores the 
Java bytecodes that implement most of the methods in the 
Java system. 
The stack is used to Supply parameters to both bytecodes 

and methods, and to receive back their results. The stack 
frame contains the local variables for the method call, its 
execution environment, and its operand stack. 
The heap is the memory location from which newly-cre 

ated instances are allocated. Instances are automatically "gar 
bage-collected in Java. A garbage collector is a program 
ming function that is designed to track each instance that is 
created and to free the memory storing an instance after the 
last reference to the instance has vanished. 

In Java, objects/classes that are intended to be reused 
repeatedly in different programs are stored as a "class 
library’. A set of classes that embodies an abstract design for 
Solutions to a number of related problems is known as a 
framework. The core application frameworks that are stored 
in the Java class library include Java.Lang, Java. Util, Jav 
a. Applet, Java.IO, Java.NET, and Java. AWT. 

Java.Lang includes classes that add data types and system 
capabilities to the language itself, while Java. Util contains the 
utility classes and simple collection classes. Java. Applet con 
tains classes for implementing Java applets. 

Java.IO contains the input and output classes for writing to 
and reading from Streams, such as standard input and output. 
Java.IO also includes the input and output classes for han 
dling files. 

Java.NET contains classes for networking Support. Such 
classes include those for connecting and retrieving files in 
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accordance with such standard Web protocols as, for 
example, TCP/IP and IP and for creating sockets such as 
those used in UNIX applications. 

The Java Abstract Windowing Toolkit (Java. AWT) pro 
vides classes and behavior for creating graphical user inter 
face (GUI) based applets and applications. The Java. AWT 
can be used, for example, to draw to the Screen, create win 
dows, buttons, menu bars, slider bars, and other user interface 
elements. Java. AWT can also be used to manage user input 
Such as mouse clicks and keystrokes. 

Object-oriented software frameworks are generally imple 
mented using the computer's Random Access Memory 
(RAM), Read Only Memory (ROM), or Virtual Memory 
(VM). When a Java application or applet is started on, for 
example, a computer, one of the first operations performed is 
the creation of the GUI. 

However, because a software-based implementation is 
being used, a significant percentage of the processing capac 
ity of the computer operating system can be required to actu 
ally generate and display the GUI. Therefore, the processing 
of other instructions by the operating system can be slowed 
dramatically while GUI elements are being rendered on a 
display device. Further, if mouse or keyboard events are gen 
erated while a display is updating, the Java runtime may enter 
a kind of deadlock, where update events are being generated 
at the same time the system is trying to process backlogged 
mouse and keyboard events. Eventually the runtime system 
cannot catch up and process all events within a reasonable 
time frame. To an end-user the program appears to stop work 
ing, apparently refusing further commands and input. 

Java is a multiprocess/multithreaded system. Thus, it Sup 
ports a plurality of programs, or processes, executing simul 
taneously, each within its own address space. A thread is a 
sequence of code executing within one of these processes. 
Therefore, the Java programming environment and runtime 
system both have a multithreaded architecture. 

In a multithreaded program Such as Java, a single thread 
running a Java program may be blocked until, for example, a 
window is drawn. Additionally, any other thread that is depen 
dant on that single thread can also be blocked. Blocking can 
restrict or delay, for example, information transmitted over a 
network. Blocking as such is defined as the capability for a 
Java thread to wait for a task to complete before resuming 
execution. 

It is often desirable to run Java programs as a part of an 
embedded environment, for example to run Java applications 
and applets on a device Such as an Internet-capable telephone. 
However, Java code and a fast Java bytecode processor are 
required to render the device Java compliant. This can sig 
nificantly increase the costs of manufacturing and operating 
the device. 

It would therefore bean advantage to provide a method and 
apparatus for reducing performance degradation. It would be 
yet another advantage if such method and apparatus permitted 
the efficient use of object-oriented programs in both embed 
ded and desktop environments. 

SUMMARY OF THE INVENTION 

The invention provides a method and apparatus for accel 
erating an object-oriented programming language. The pre 
ferred embodiment of the invention is configured for use with 
a Java compliant processor with the Java programming lan 
guage and standard Java object-based frameworks. However, 
alternative embodiments of the invention are adapted for use 
with any object oriented programming language. Alternative 
embodiments of the invention are also adapted for use with 
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4 
other object-based frameworks, such as Apple Computers 
“Open Step’ framework or Microsoft's object-based AFC 
library. 
The invention provides a hardware accelerator that con 

tains functionality to implement one or more Java application 
frameworks. In the presently preferred embodiment of the 
invention, the accelerator is constructed as part of an appli 
cation specific integrated circuit (ASIC). The accelerator 
includes a hardware object management system that manages 
instances as well as the states of values assigned to the 
instances. 
The preferred embodiment of the invention implements the 

Java Abstract Windowing Toolkit (AWT), Java.NET, and Java 
Input/Output application frameworks. Additional Java frame 
works can also be supported by the invention, if required. 
The Java runtime system manages both the hardware 

object management system and a software object manage 
ment system. The Software object management system can be 
implemented entirely in software, or in both software and 
hardware. 

Instances and methods of Supported Java application 
framework classes that are executed by a Java program are 
offloaded to the hardware object management system. Thus, 
in the preferred embodiment of the invention, the central 
processing unit (CPU) can continue processing instructions 
while the hardware object management system manages Jav 
a.AWT and Java.NET requests. 
The invention stores application framework classes as 

libraries in a shared memory. However, each Supported appli 
cation framework is managed separately. A request is distrib 
uted to the hardware controller for the particular application 
framework, and the shared memory is accessed as necessary. 
A software stub is provided as an interface between the 

hardware object management system and the CPU. The soft 
ware stub can be modified or replaced to permit the invention 
to be used with any compatible OOP language. 
The hardware object management system includes an 

Input/Output request queue for receiving and storing object 
requests. When a task processor allocates memory for an 
object, it is removed from the queue. An active object list 
tracks the number of reference counts in the Java virtual 
machine to an instance. When the number of reference counts 
to an instance is Zero, the memory storing the object is deal 
located by a Java garbage collector. 

In the presently preferred embodiment of the invention, the 
Java. AWT hardware implementation contains a windowing/ 
view system and a rendering engine. A graphic Java program 
is structured as a hierarchy of nested containers and compo 
nents. Containers manage collections of visual objects called 
components. Components represent visual functionality that 
is displayed on the screen, such as menu bars, buttons, edit 
able text areas and text fields. Containers themselves may be 
hierarchically nested within one another and may maintain a 
parent <-> child relationship with another Container. For a 
given application, there is one container view at the top of the 
view hierarchy that is represented by a Window (AWT 
..Frame) object. AWTFrame defines a window native to a 
particular platform (i.e. WindowsTM or SolarisTM). 

In addition containers can also be thought of as special 
case components that have the ability to contain other com 
ponents that have the ability to contain other components. 
This is because functionally the Container class is a Subclass 
of Component. A Panel is a Container that can be displayed 
ion a screen within an application or applet. A Frame is a 
Window (with a title and menu bar) and is yet another type of 
Component/Container object. The shared class behavior that 
all of these classes have allow them to share various charac 
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teristics and integrate well together. The Java. AWT hardware 
implementation leverages these shared functionalities 
between different component object variations by optimizing 
messaging and increasing container display efficiency. 

Containers are Java.AWT components that can contain 5 
other components, including other containers. A panel is a 
container that can be displayed on screen, Such as a applet. A 
frame is a window that has such features as a title, and a menu 
bar. 

The windowing/view system includes a general graphics 10 
controller for creating frames and components and for pass 
ing data to the rendering engine, a window manager for man 
aging the frames, a layout manager for managing container 
hierarchies within a frame, and a component manager for 
managing component hierarchies within a container. 15 
The Java.NET hardware implementation contains a win 

dowing/view system and a connectivity engine. The window 
ing/view system includes a network controller that contains 
microcode for Java.NET framework equivalencies. A net 
work query mechanism performs DNS lookups and reports 20 
results to the network controller, a socket manager manages 
Sockets in use by applications, and a stream manager for 
shuttles input and output data through a link supported by 
network protocols. 
The invention therefore provides a hardware implementa- 25 

tion for reducing blocking by co-processing instructions of a 
Supported application framework. Java processing is thereby 
accelerated. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG. 1 is a block diagram showing a structural overview of 
a hardware accelerator according to the invention; 

FIG. 2 is a block schematic diagram of a Java Accelerator 
according to the invention; 35 

FIG. 3 is a table showing an object list after object instan 
tiations and deletions according to the invention; 

FIG. 4 is a block diagram showing a container's linked list 
to its internal component instances according to the inven 
tion; 40 

FIG. 5 is a block diagram showing an active object list 
according to the invention; 

FIG. 6 is a block diagram of the internal functions of the 
hardware accelerator according to the invention; 

FIG. 7 is a more detailed block diagram of the Java AWT 45 
Accelerator shown on FIG. 6; 

FIG. 8 is a block diagram showing a JVM using several 
threads “simultaneously all using the invention; 

FIG. 9 is a diagram of a hypothetical session where AWT 
display objects are handled in hardware according to the 50 
invention; 

FIG. 10 is a block diagram showing the Java Abstract 
Windowing Toolkit objects supported by the invention; 

FIG. 11 is a functional block diagram of the Java Abstract 
Windowing Toolkit hardware implementation according to 55 
the invention; 

FIG. 12 is a block diagram of a windowing system accord 
ing to the invention; 

FIG. 13 is a table showing components supported by a 
rendering engine according to the invention; 60 

FIG. 14 is a schematic diagram showing an example of a 
concatenation process according to the invention; 

FIG. 15 is a table showing the types of rendering supported 
by a graphics section of the rendering engine of FIG. 13; 

FIG. 16 is a block diagram showing Java. AWT accelerator 65 
“instruction” execution and object management according to 
the invention; 

6 
FIG. 17 is a description of functionalities embedded in the 

AWT section according to the invention; 
FIG. 18 is a block diagram of an example of a Java Abstract 

Windowing Toolkit Window/Container/View instance hierar 
chy according to the invention; 

FIG. 19 is a block diagram of the Java.Net objects Sup 
ported by the invention; 

FIG. 20 is a functional block diagram of the Java.Net 
accelerator according to the invention; and 

FIG. 21 is a description of functionalities embedded in the 
NET section according to the invention 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides a method and apparatus for accel 
erating an object-oriented programming language. The pre 
ferred embodiment of the invention is optimized for use with 
the Java programming language developed by Sun Microsys 
tems, Inc, and with the Java Application Program Interface. 
However, the invention is readily adapted for use with any 
object-oriented programming language. Such as C++ or even 
C for a program that was written in Object-Oriented Style. 
Thus, the following discussion is provided for purposes of 
example and not as a limitation on the scope of the invention. 

Similarly, an implementation which is interconnected with 
the Java accelerator may employ a different application 
framework or set of application frameworks unconnected 
with Sun's Java APIS. 

While the preferred embodiment of the invention is 
adapted for use in data transmission over the Internet, the 
invention is equally applicable to other wide area or local area 
networks. Additionally, while the preferred embodiment is 
used with a desktop computer, the invention can also be used 
with other devices, including network servers, personal data 
assistants, fax machines, and Internet-capable telephones. 
The display Screens and configuration of the graphical user 

interface described below are provided in accordance with the 
presently preferred embodiment of the invention. However, 
one skilled in the art will appreciate that such display screens 
and graphical user interfaces are readily modified to meet the 
requirements of alternative embodiments of the invention. 
The following discussion is therefore provided for purposes 
of example and not as a limitation on the scope of the inven 
tion. 

FIG. 1 is a block diagram showing a structural overview of 
a hardware accelerator 10, according to the invention. The 
Java virtual machine 16 running on the computer's CPU (not 
shown) is the bytecode interpreter for Java applications 12 run 
on the computer system. For Java applets 14, the bytecode 
interpreter is built into a Java-enabled Web browser. 
Hardware Object Management. 
A part of the Java-Accelerator's memory 400 (see FIG. 2) 

is predesignated to hold object descriptors and parameters. 
These object spaces are all of equal size, but the format of 
each depends on the type of object assigned to them. At the 
start of each object descriptor there is a status byte that indi 
cates whether that particular object space is in use. 
Upon initialization designators are indicated as being free. 

Software can then begin to create objects using the following 
steps: 

First commands or tasks are issued to either the AWT 
command register 407 or the NET command register 
413. 

The commands are then decoded in either the AWT com 
mand decoder 408 or the NET command decoder 414. 

Once the type of object that needs to be created is deter 
mined, the next available objectID is obtained from the 
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Free Object Locator 403 and passed back along with any 
other status information through the return FlFOs 405 or 
412, and back out to the system's processor via either the 
AWT Data register 406 or the NET Data register 410. 

Once the Free Object Locator passes its object ID back to 
the system, it goes out and begins polling the available 
memory 400 for the next free object space. 

When it finds one, it stores that object space's ID in antici 
pation of the next object creation command. 

In the event that the Free Object Locator cycles through all 
of memory without finding an available object space, an 
out of memory status will be returned to the system. 

When the system wishes to access a particular object that 
has already been created, it passes the task, along with 
that objects ID to either the AWT command register 407 
or the NET command register 413. The object ID and 
tasks are parsed and decoded, and the ID passed to the 
Object ID Resolver 402. This block then translates the 
object ID into a memory address that can be used to 
access a particular object space in the memory block 
400. 

As the system receives requests for object deletion, the 
proper command, along with the objects ID is passed to 
the command registers. The task and ID are decoded and 
parsed, and the ID passed along to the object resolver. 
The Java accelerator then goes and clears the in use 
status bit in that particular object space in memory, thus 
making it available for the Free Object Locator for the 
next object creation command. In the case where the 
Free Object Locator previously had reported an out of 
memory status, the newly freed objects ID is stored 
directly in the Free Object locator, thus eliminating the 
need for the locator to cycle through memory to find the 
location. 

The Free Object locator has the ability to store the next “n” 
free objectIDs. This is used in instances where the size 
of each individual object space is Small, and some 
objects then make use of “n” object spaces linked 
together. In this case, the first object space contains a link 
field which indicates where the continued object 
descriptor is stored. This continues in each Successive 
object space until the "n-1” space, which contains a link 
to the “nth' object space. Under this architecture, the 
Free Object Locator reports back the ID of the starting 
object space in response to an object creation command. 
Also, if the type of object to be created is determined to 
need multiple object spaces, then the Free Object locator 
only reports back a starting ID if enough free object 
spaces are available. Otherwise an out of memory status 
is returned. Object spaces in this case do not have to be 
in sequential order and may be randomly linked. The 
Free Object Locator should be able to store “n” free 
object IDs where “n” is the maximum number of object 
spaces needed for the largest object to be created. 

The objectIDs provided by the hardware can be any num 
ber of bits in length. 

The hardware object manager also works in the situation 
where object IDs are provided by the host system, and not 
returned by the hardware. In this case, the first provided 
objectID is stored in a base reference register, and associated 
with the first free object location. Each subsequent object 
request has its ID compared with the reference register. The 
offset determines the actual object location in memory. If that 
particular record is already in use, then the next free object 
location is used. A predefined reference field is included with 
each object record to indicate what offset it is associated. 
Offsets are performed in a modulo fashion such that memory 
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8 
locations wrap around to the beginning again when the offset 
is greater than the allotted memory space. This system also 
works for situations where the system provided objectID is a 
greater number of bits than the hardware object ID. 

FIG.3 demonstrates what the heap looks like after several 
objects have been instaniated and deleted. Note the deleted 
object #5 which is currently free for reuse. Note that the 
Container object essentially heads a linked list of compo 
nents. The list ends when the object value is 0. For this reason 
there is no object #0 and any references to it are invalid. 

Other types of objects may exhibit this same functionality. 
A Button Object for instance likely references a string object 
which may in itself be more than 30 bytes. In this case a 
Button Object would point to a String Object which would in 
turn point to another String Object with each object measur 
ing 30 bytes in length. This shows how Combined Object 
Entry Lists function. 

FIG. 4 explicitly shows the Container's linked list to its 
internal Component instances. The same list is indirectly 
shown in FIG. 4. 
Objects on the Active Object List. 

FIG. 5 is a block diagram showing an active object list 
according to the invention. The Active Object List contains a 
list of possibly many 30 byte blocks, each denoting an active 
instance of a particular type of object. Each type of object has 
a structure associated with it. All instantiated objects contain 
flags which describe the type of object, the method selector 
for the runtime system, and the framework the object belongs 
to. BorderLayout instances in addition contain a pointer to the 
container that uses them to lay out a set of components, 
possible object references to its components in the north, 
south, east and west, and a value determining the space to 
leave (in pixels) between components when drawings them. 
Container objects contain the number of enclosed compo 
nents, a reference to a component object which holds the 
Container's inherited instance values and a reference to the 
first container object in a linked list of Component objects. 
Component objects contain a “type' value denoting if they 
should draw a button or handle events from a button, slider, 
textfield or other type of widget. They also contain a link to 
the next component available in the Container. 

Objects (see FIG. 5) are handled in small blocks with the 
invention. The objects always look the same in terms of their 
size and footprint. What distinguishes one instance from 
another on the active object list is its data structure or instance 
variables. 

Instances may be either simple or complex. They may 
contain 8, 16, 32 bit integers or single bit boolean values. 
They may also contain object reference IDs to other objects. 

Take the case of a Container object. After a request for a 
Container object has been placed on the Input/Output 
Request Queue, JExpress takes the request and creates a fixed 
size block of memory to store variables related to the Con 
tainer instance. After several Component objects are created, 
they may be added to the Container. If a LayoutManager is 
assigned to manage objects assigned to a Container, this is 
done accordingly. In the case of a Container <-> BorderLay 
out association, five possible components may be added 
directly to the Container. The Borderlayout object is then 
given references to a maximum of five (north, South, east, 
west and center) components so that it knows how to draw and 
update these objects at later points in time. 
The Active Object List contains a list of possibly many 30 

byte blocks, each denoting an active instance of a particular 
type of object. 

Each type of object has a structure associated with it as 
shown in the three object instance diagrams below. 
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All instantiated objects contain flags which describe the 
type of object, the a method selector for the runtime system, 
and the framework the object belongs to BorderLayout 
instances in addition contain a pointer to the container that 
uses them to layout a set of components, possible object 
references to its components in the north, South, east and 
west, and a value determining the space to leave (in pixels) 
between components when drawing them. 

Container objects contain the number of enclosed compo 
nents, a reference to a component object which holds the 
Container's inherited instance values and a reference to the 
first container object in a linked list of Component objects 
Component objects contain a type value denoting if they 

should draw a button or handle events from a button, slider, 
textfield or other type of widget. They also contain a link to 
the next component available in the Container. 

These object definitions map directly into C structures 
which are managed by the framework (note these are prelimi 
nary structs that will both change and will be optimized). 

typedefstruct ir descriptor first three bytes of object. 
{ jbyte frameworkType: // specify type of framework (Java.AWT, NET, 
IFC, etc) 

jbyte objectType; f, specify type of object (Frame, Event, Container, 
etc) 
byte methodType; f, specify object method (-paint(), etc) 
jbyte inUse: //find out if record is in use. 
desc; 

typedefstruct ir container note: every container must reference a 
component structure 
{ desc objDesc; 

jshort incomponents: number of components existing in container. 
Rect insets; 
LayoutsManagers can be one of the five defaults. 
byte layoutType; if denote type of layout used for this container. 
int layoutCob; if specify index of instance of layout. 

int inheritedCompOb; if we are a Subclass of component so we need 
this 

Ff index to a component structure. 
f////////////////////////////// if Frame-object depending variables. 

boolean isResizable; used with Frame object. 
byte cursorType: // cursors 0–13 used with Frame object. 
unsigned short menuBarObj; I Menu bars are often attached to Frame 

objects. 
... . . . . . . . . . . . . . . . . . . . 

int firstComponentNode: 
Container, Dialog, Frame, Window; // multiple names assigned for 

convenience's sake. 
if A Window-Frame=Dialog=Container as far as 
A JExpress is concerned. 

typedefstruct ir component 
{ desc objDesc; 

jbyte peerObjType: I this is the true object value of the component. 
// e.g. Button, Label, Textfield, etc. 

unsigned short x: 
unsigned shorty; 
unsigned short width: 
unsigned short height; 
unsigned short parentOb; if index to container object. 
unsigned short fontOb; if index to object describing font in use by this 

component. 
unsigned short foregroundColorObj; if index to foreground color object. 
unsigned short backgroundColorOb; if index to background color 

object. 
unsigned short cursorOb; if index to cursor object. 
unsigned short stringCob; if reference to object containing string to 

// be rendered somehow in the component. (may be 0). 
boolean visible; 
boolean enabled; 
boolean valid: 

if Dimension minSize; f, contains minimum allowed size of a 
Component. 
// Dimension prefSize; f, contains preferred size of Component. 

intnextComponentNode; f, index to next known component in 
container. 
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10 
-continued 

Canvas, Component; // A Canvas is just a Component with a paint() 
method. 
typedefstruct ir borderlayout 
{ desc objDesc; 

shorthgap: 
hort vgap: 
hort container; if index in array of the container were associated 

W 

hort northComponent; if index in array of components to point at. 
hort SouthComponent; 
hort westComponent; 
hort eastComponent; 
hort centerComponent; 

BorderLayout: 
type ir flowlayout 
{ desc objDesc; 

shorthgap: 
short vgap: 
short align; 

FlowLayout: 
typedefstruct ir gridlayout 
{ desc objDesc; 

unsigned shorthgap: 
unsigned short vgap: 
unsigned short rows; 
unsigned short cols; 

Grid Layout: 
typedefstruct ir wgraphics 
{ desc objDesc; 

unsigned short x, y; 
unsigned short width, height; 
unsigned short foregroundColorObj; if index to foreground color 
object. 
unsigned shortxoffset, yoffset; 
Rect clipRect; f, set by WGraphics:changeClip () 

} WGraphics; 

Miscellaneous Concepts. 
The object definitions outlined herein (along with others 

not defined herein) are used to create instances and maintain 
unique instance values. Without use of these data structures, 
the 30 byte blocks in the Active Object List would have no 
meaning. These object structs are used to identify, set, and 
access values within particular object instances. The runtime 
system uses the collection of object instances to make method 
execution meaningful for a given set of data. 
A method descriptor in the descriptor struct for an object 

may be specified so that the object may be transmitted to the 
low-level framebuffer implementation. The Smart frame 
buffer can then take the struct and interpreta command (Such 
as a resize or redraw) in a meaningful way. At this time 
Graphics and Component objects have their structs forwarded 
to the smart framebuffer. 
The Java runtime system 18 includes the Java virtual 

machine together with its supporting code. The Java runtime 
system parses instantiation and method calls. In the preferred 
embodiment of the invention, the Java runtime system man 
ages two instance managers, a hardware object management 
system 22 and a software object management system 20. 
However, in alternative embodiments of the invention, the 
Java runtime system manages more than two instance man 
agerS. 
The hardware object management system contains func 

tionality to support Java application frameworks. In the pres 
ently preferred embodiment of the invention, the hardware 
object management system implements the Java Abstract 
Windowing Toolkit (AWT) 26, and Java.NET 24 application 
frameworks. The Java Input/Output application framework 
(not shown) is also implemented to support the Java.NET 
functions. The hardware object management system can 
readily be adapted to support additional Java frameworks, as 
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needed. The invention therefore provides a Java application 
framework hardware implementation that functions as an 
accelerator for the CPU. 
The hardware object management system manages 

instances as well as the states of values assigned to the 
instances. In the presently preferred embodiment of the 
invention, the hardware object management system is wholly 
implemented in gates, and can have associated external ran 
dom access memory (RAM). 

In this embodiment, the hardware object management sys 
tem is constructed as part of an applications specific inte 
grated circuit (ASIC). It should be appreciated that, while the 
preferred embodiment of the invention is discussed in con 
nection with a gate-level implementation and with an ASIC, 
the actual hardware implementation of the invention is con 
sidered to be a matter of choice to one skilled in the art. 
The Software object management system can be imple 

mented entirely in software. However, in alternative embodi 
ments of the invention, the Software object management sys 
tem is implemented using both software and hardware 
components. An example of a Software object management 
system is the computer system's memory manager. 

Instances and methods of Supported Java application 
framework classes that are executed by a Java program are 
offloaded to the hardware object management system. Thus, 
in the preferred embodiment of the invention, the CPU can 
continue processing instructions while the hardware object 
management system manages Java. AWT and Java.NET 
requests. 
Whenever instances and methods in the hardware-imple 

mented Java application framework classes are being 
executed by a Java program, the instances and methods are 
offloaded to the hardware object management system. Thus, 
in the preferred embodiment of the invention, the hardware 
object management system manages the Java. AWT and Jav 
a.NET requests of threads running on the Java virtual 
machine. The CPU is thereby available to continue process 
ing instructions and threads that are not dependant upon the 
offloaded instances and methods while the hardware object 
management system manages the Java. AWT and Java.NET 
requests. 

Application framework classes intended to be repeatedly 
reused in different programs are stored in the Java Class 
Library 32 (FIG. 1). Such classes can include those of the 
Java. AWT 34, Java.NET 36, Java.Lang 42, Java.IO 38, and 
Java.Util 44 application frameworks. 
The application framework classes are stored as libraries in 

a shared memory. However, each supported application 
framework is managed separately. A request is distributed to 
the hardware controller for the particular application frame 
work, and the shared memory is accessed as necessary. 

Classes and behavior for performing network operations, 
Such as establishing a socket connection, are implemented by 
the Java.NET accelerator 24. The Java.NET accelerator is 
provided with an interface to a network TCP/IP stack 28. The 
Java.NET accelerator includes a hardware implementation of 
both Java.NET 36 networking objects and Java.IO 38 input/ 
output-related objects. This is because networking necessar 
ily implies the input and output of data. The incorporation of 
both frameworks into hardware allows significant reduction 
of redundant Software coding. 

In one example of an implementation of the Java.NET 
accelerator, the Java.IO hardware implementation is used to 
handle data input and output during a socket connection. In 
the Java.NET accelerator, Java.NET and Java.IO application 
framework classes are bound together through inheritance. 
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Thus, classes in one framework can inherit functionality in 
another framework, and then add to it. 
The Java.AWT accelerator implements the classes, meth 

ods (i.e. behavior) of the Abstract Windowing Toolkit. The 
Java Abstract Windowing Toolkit (Java. AWT) provides 
classes and behavior for creating graphical user interface 
(GUI)—based applets and applications. Such classes include 
the Java. AWT class 32, and any associated rendering tools, 
for example, a two-dimensional rendering engine 40. 
The Java. AWT accelerator can be used to draw to the 

screen, create windows, buttons, menu bars, slider bars, and 
other user interface elements, and can also be used to manage 
Such user input as mouse clicks and keystrokes. Thus, the 
Java. AWT accelerator is provided with an interface to such 
devices 30 as the computer display, framebuffer, keyboard, 
and mouse. 
Structural Overview. 

FIGS. 6 and 7 are block diagrams of a structural overview 
of the invention. The Supported application frameworks. Such 
as Java.AWT 26 (shown in greater detail in FIG. 7), Java.NET 
24, and Java.IO (not shown) are cast into an ASIC to form 
accelerators. For the purposes of the following discussion, the 
Java.NET accelerator will be assumed to include input/output 
related objects of the Java.IO. 

In the preferred embodiment of the invention, the hardware 
object management system 22 is also cast into the ASIC to 
manage instances and the states of values assigned to the 
instances. For example, the hardware object management 
system stores data to track whether a button is pushed. The 
hardware object management system also stores data indicat 
ing the relationship among objects, such as that the button is 
a part of a particular window. This information is stored in the 
shared memory. 

Software stubs are provided as an interface between each 
accelerator and the CPU running the Java virtual machine. 
Thus, the Java.NET accelerator has associated Java.NET 
software stubs 52 and Java.IO software stubs 54, while the 
Java. AWT accelerator has associated Java. AWT Software 
stubs 50. The software stubs covering the hardware compo 
nents of the invention can be modified or replaced to permit 
the invention to be used with any compatible OOP language. 

FIG. 2 (discussed above) is a block diagram of the internal 
functions of the hardware accelerator 60, according to the 
invention. A register interface 64 (406, 407, 409, 410, 413, 
415) is provided to supervise and synchronize all input and 
output transfers between the host CPU 62 and the invention. 
The Java compliant host CPU runs a Java virtual machine, 

for example, from read-only memory (ROM) storage 88. A 
Java applet or application that is transmitted to the invention 
through the physical transport 94 is then directed through the 
physical transport interface 86 to the host CPU. AWT com 
mand decoders 408 and NET command decoder 414 are used 
to convert the binary input information to output elements 
represented by the binary code. 
The applet or application is stored in the memory 400 as 

bytecodes. A GUI must be created to display the applet or 
application. Thus, when a Java program is initially run from 
the memory, a call is made to the function libraries, stored in 
ROM, directing that a GUI display be generated. 

Such call is directed, by means of the hardware object 
management system 402, 403 and the software stub, to the 
appropriate Java application framework accelerator. When, 
for example, a Java. AWT window is requested, the Java. AWT 
accelerator creates a window object. The graphics command 
generator 80 is then requested to direct the graphics controller 
82 to actually draw the window on the display 500. 
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The Java.NET accelerator can include e-mail and web 
browser application engines 74. Thus, for example, a JPEG or 
GIF image can be downloaded from the Internet using the 
invention. The image is then directed through the Network 
TCP/IP stack 76 to a JPEG/GIF decoder 78 and then to a 
frame buffer 92, managed by a frame buffer manager 84. 
Thus, the invention uses a hardware implementation to accel 
erate the display of a graphical image downloaded from a 
network connection. 
The memory controller/arbitrator 401 serves as an inter 

face between the host CPU and the shared main memory 400. 
The memory controller/arbitrator allocates and manages sys 
tem memory among the various components of the invention. 
This memory management includes the allocation of memory 
to, for example, the Java. AWT accelerator, or providing the 
CPU with the memory location of an object created by the 
invention. 

FIG. 8 is a block diagram showing multithreaded operation 
of a Java Virtual Machine/Runtime, according to the inven 
tion. Because Java has a multithreaded architecture, a Java 
Applet 12 or application 14 that is run on the Java Virtual 
machine 16 and Java runtime 18 can be formed of multiple 
threads 100, 102, 104,106, executing simultaneously. 
A thread that contains a class or method of one of the 

Supported Java application frameworks is directed to the 
invention through the hardware object management system. 
Thus, in the preferred embodiment of the invention, the hard 
ware object management system manages the Java. AWT 26 
and Java.NET 24 requests of threads running on the Java 
virtual machine. Therefore, while the hardware object man 
agement system manages the Java. AWT and Java.NET 
requests, the CPU is able to continue processing threads and 
instructions that are not dependent thereon. 

FIG. 9 is a diagram of the hardware object management 
system, according to the invention. The invention manages 
Java. AWT and Java.NET requests as they are made by threads 
running on the Java virtual machine. Objects are allocated and 
deallocated in dedicated buffers. 
The hardware object management system includes an 

Input/Output request queue 108 for receiving and storing 
object requests. Such requests can include: 

create a container 110; 
create a borderlayout 112: 
create a panel 114; 
create a label 116; 
create a textfield 118; and 
create a button 120. 
When a task processor 150 allocates memory to an object) 

for example, by creating a new container object 152, the 
object is removed from the queue. An active object list 122 
stores a list of instances 124. In-use flags 140 are provided to 
indicate the number of reference counts 126 in the Java virtual 
machine to an instance. 
When the number of reference counts to an instance is zero 

142, the memory storing the object is deallocated by a Java 
garbage collector (not shown). The active object list will also 
indicate that the particular instance is not in use 128. 
The status of an object is stored in a status listing 144. The 

status can include indicating that the object is in use 146, or 
that the memory storing the object has been deallocated 148. 

FIG. 10 is a block diagram showing the Java Abstract 
Windowing Toolkit objects supported by the invention. The 
AWTExpress framework interfaces to the software-based 
Java.AWT stubs. The AWTExpress framework 154 itself can 
be split into two parts. The “Low-Level Implementation is 
necessary to convert essential Java commands to our display 
and allow control of mouse/pen/keyboard events as well as 
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update window and view hierarchies. The High-Level Imple 
mentation essentially adds features for the remainder of AWT 
incorporating such features as macro-ized painting for UI 
elements (Buttons, TextAreas and Textfields). 
The Java virtual machine sends data to, and receives data 

from the invention using a set of commands (tasks) 156, 158. 
The Java programming language relies primarily on low-level 
objects. Therefore, the low-level register 158 includes objects 
that are essential to Java implementation. 

In one embodiment of the invention, only the low-level 
implementation is implemented. This embodiment has 
greatly reduced size and memory requirements, and is of 
advantage for use in embedded systems. 

Low-level functionality includes elementary windowing 
control, image rendering, font control, and event handling. 
Low-level objects supported by the preferred embodiment of 
the invention include: 

ColorModel 210; 
Component 212: 
Container 214; 
Crop ImageFilter 216: 
DirectColorModel 218; 
Event 220; 
Font 222; 
FontMetrics 224; 
Frame 226; 
Graphics 228; 
GridBagConstraints 230; 
Image 232; 
ImageFilter 234: 
IndexColorModel 236; 
MenuComponent 238; 
PixelGrabber 240; and 
RGBImageFilter 242. 
The high-level register 156 provides secondary function 

ality that can be optionally implemented in hardware. Such 
high-level functionality includes standard GUI widgets, GUI 
layout behavior, and media control objects. High-level 
objects supported by the preferred embodiment of the inven 
tion include: 

BorderLayer 160; 
Button 162; 
Canvas 164: 
CardLayout 166: 
Checkbox 168; 
CheckboxGroup 170: 
CheckboxMenuItem 172: 
Choice 174; 
Dialog 176: 
FlowLayout 178: 
GridBag|Layout 180; 
GridLayout 182: 
Label 184: 
List 186: 
MediaTracker 188: 
Menu 190; 
MenuBar 192; 
MenuItem 194; 
Polygon 196: 
Rectangle 198: 
Scrollbar 200; 
TextArea 202; 
TextComponent 204; 
Textfield 206; and 
Window 208. 
Because the invention represents entire application frame 

works in hardware, the invention eliminates the need for a 
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significant amount of code. For example, some parts of an 
OOP application framework can be made available for use by 
a custom application, while other parts are hidden for exclu 
sive use by the application framework. However, in a hard 
ware implementation, it is not necessary to hide Such frame 
work parts. It is more useful to eliminate redundant coding 
and to implement only those functions that are publicly acces 
sible to software stubs that activate tasks within the hardware 
gate arrayS. 

Thus, many objects and classes of Java application frame 
works care eliminated in the invention. An example of an 
eliminated class is the Sun Microsystems, Inc. Java.NET 
..SocketInputStream class. This class inherits from Java.IO 
..FileInputStream and adds only a minimal amount of func 
tionality to the original baseclass. Thus, the invention can 
eliminate Sucha redundant class without causing a significant 
loss of functionality. 

FIG. 11 is a functional block diagram of the Java Abstract 
Windowing Toolkit hardware implementation according to 
the invention. A thread that includes instances and methods of 
the Java. AWT application framework is offloaded from the 
Java virtual machine 16 and through the Java. AWT software 
stubs 50 to the hardware object management system 22. The 
register interface 64 Supervises and synchronizes all of the 
input and output transfers between the host CPU 62 and the 
hardware object management system. 

Object requests are received and stored pending processing 
in the Input/Output request queue 108. The task processor 
150 then directs each request to a hardware AWT accelerator 
250. The accelerator includes a windowing/view system 252 
and a rendering engine 260. 
The windowing/view system includes a window manager 

254 for managing frames that are generated by the invention. 
The layout manager 256 manages the hierarchies of contain 
ers within each frame, while the component manager 258 
manages the components within each container. 
The windowing/view system also includes a general graph 

ics controller 82 for creating frames and components and for 
passing data to the rendering engine. The microcode for the 
hardware equivalencies of the Java. AWT application frame 
work is implemented in the general graphics controller. 
Object/method requests are made and are executed appropri 
ately by the other components of the windowing/view system 
and by the rendering engine. 
The rendering engine 260 creates the requested objects, 

using rendering tools such as an image renderer 262, a poly 
gon renderer 264, and a font renderer 266. One skilled in the 
art will readily appreciate that the types of rendering tools 
included with the rendering engine can be varied according to 
the particular requirements of the Supported application 
framework. 
The image renderer 262 receives and decompresses image 

data. The image is then rendered within a given component of 
a display. The polygon renderer 264 provides acceleration for 
rendering vector-based images. Predefined drawing types, 
Such as for drawing arcs, lines, ovals, polygons, and rect 
angles can be supported. The font renderer 266 manages 
requests for displaying text. 
The Window Server and Object Execution. 

The Window Server/Windowing System (see FIG. 12) 
exists at the furthest point away from the Java Virtual 
Machine. Relying on commands forwarded onto it from the 
Object Execution Mechanism (i.e. the runtime), it never 
directly receives commands from the Software layer. As such, 
the Window server has no direct interface from the software 
level. 
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This is roughly equivalent to the way that Java operates on 

a PC. Typically, peer objects are created to map requests from 
the Java processor to compiled resources outside the runtime. 
For Windows 95/NTTM or any other modern OS this means 
making calls to the standard windowing system either C or 
Assembly code. 
The compiled code used in these operating systems thus 

generates the primitives necessary to perform system level 
windowing requests. Windows are managed on a screen and 
standard buttons, sliders and other OS-based UI widgets are 
often utilized to simplify coding, increase performance and 
provide a user interface that matches that of the host OS itself. 
In Sun's JDK this is called using a peer interface, employing 
a set of software-based class stubs which map functionality 
between Java objects and compiled native code. 
The invention loosely uses the ideas of peers. However, the 

peer implementation is provided totally at a gate-level imple 
mentation and is only accessible from other ASIC-based 
functionality (i.e. hard-coded Java objects). Doing this makes 
sense from a number of perspectives. First, peer-based draw 
ing types can be swapped out easily at the register-definition 
level allowing custom or multiple UI implementations to be 
created. Secondly, peers in ASICS can be compartmentalized 
appropriately into different sections of hardware as is appro 
priate. That is a difference between hardware and software. In 
Software you build logical functional groupings while in 
ASICs you build for efficiency and reduced gatecount. 

In software we can group object-based functionality logi 
cally in away that is orderly. All of the view-based objects can 
pretty much go in one place ... one framework. In hardware 
it is necessary to split things up. One could build an object 
representation at the Window server for every UI object. 
However it turns out this is neither efficient nor necessary. 

Necessity dictates that, if possible, elegance should be 
sacrificed for minimum gatecount, making the scenario in 
FIG. 12 a more attractive design. 
Note that in this implementation of the Windowing System 

there are only a few objects that might be comparable to 
standard Java peer objects. They are quite different than 
peers in a Software-only Java implementation because they 
Support a more abstracted set of functionalities. A Software 
implementation might assign a peer to every UI object (i.e. 
Button, Slider, TextComponent, etc) whereas the invention 
employs a single Component peer that handles all Compo 
nent-related drawing requests. 
How the Rendering Engine Operates. 
The rendering engine 511 then encapsulates all of the 

actual drawing code and provides renderers/handlers for of 
interpreting Frame 512, Graphics 513, Component 514 and 
String 515 instances. The rendering engine typically accessed 
these instances by either memory reference or via a fixed size 
stream of data (30 bytes). The instance contains a command 
byte, instructing the rendering engine which method to 
execute with regard to the object. 
When the rendering engine receives an instance, it first 

decodes the type of object that is being sent into one of the 
four objects supported. Once the object type is known the 
reference is passed down to the decoder for that particular 
object type. The execution method (e.g. Component:paint()) 
is determined and the method executed. 
Rendering Component Instances. 

For a Component:paint(), the object is further queried to 
find out the type of component to be displayed. Currently the 
component section of the rendering engine knows how to 
render the types of view-based widgets shown on FIG. 13. 
Once the rendering engine is aware of the type of compo 

nent it is to draw, the instance is queried for information Such 
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as the location of and dimensions of the widget. The compo 
nent is then rendered on the display. 

Because objects are quite Small, it is impossible to transmit 
strings within component instances. It is the case that the 
fixed size of an instance in the invention may be 30 bytes, 
which could be smaller than the size of a string itself. 

For this reason, strings or at least references to strings are 
sent previous to sending actual components to the rendering 
engine. 

Strings are accumulated by the rendering engine. Either a 
stream or a reference to a fixed byte object containing string 
information is typically sent to the rendering engine. This 
string may be followed by another fixed block which contains 
another string. Subsequent transmissions are concatenated 
onto the end of a string until a component instance arrives. 
Once the component arrives, the accumulated String is asso 
ciated with it and the component is then rendered with its 
string. The concatenation is necessary especially in the case 
of a textfield which may have very large Strings. 

Note that in final ASIC form the concatenation process (see 
FIG. 14) consists of accumulated pointers to fixed blocks 
containing the String to render instead a concatenated String 
itself. This is necessary because some components may have 
very large text contents, such as the TextArea which on tra 
ditional Java may be 32 kilobytes or larger. A TextArea is 
essentially a text editor object. Scaled down versions of the 
invention might have arbitrarily assigna maximum number of 
text characters allowed to guarantee efficient use on devices 
with Small memory footprints. 
Once the component is rendered with its string, the string 

itself is set to null in preparation for the next string/compo 
nent combination. 
Rendering Graphics Instances. 

Graphics instances are different than component instances. 
Graphics instances, are responsible for drawing low-level 
primitives where components may drive this or even hun 
dreds of primitives including lines, filled areas and text in 
order to draw something like an editable TextArea. The 
graphics object Supports general types of primitives drawing. 
The types of rendering shown on FIG.15 are supported by the 
graphics object in the rendering engine. 
The graphics peer implementation in the rendering engine 

looks fairly complicated but is actually much simpler than the 
component peer. Graphics Supplies very low-level drawing 
while components usually combine a set of graphics drawing 
behavior into a single macro as described in the preceding 
paragraph. 
Rendering Frame Instances. 

Frames are relatively straightforward in terms of what they 
do. This being a sort of frame peer implementation, it draws 
windows on the screen of a specific type. The window display 
type may change depending on the implementation and may 
Support multiple personality types, as is the case overall with 
the rendering engine. 

Generally a frame has a title bar, an icon image and a cursor 
type associated with it. Frames behave in the same way that 
components and graphics do, but are drawn behind the UI that 
they contain. 

Frames are a type of container in the standard Java imple 
mentation. However, because this is something like a frame 
peer, it has no direct relationship with any other objects. As far 
as the rendering engine is concerned, a window is just a 
special object with a macro that draws a specific set of lines 
and so forth. It acts very similar to the way a component 
behaves at this level. 

FIG. 16 is a block diagram showing Java. AWT accelerator 
object management, according to the invention. Object 
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requests are queued up in the execution engine's 270 input/ 
output request queue 108 pending processing. As an object 
becomes active, it is added to the active object list 122. 

In FIG. 16, the first object request in the input/output 
request queue is to create a frame object 272. When the frame 
object is created, it is added 274 to the active object list. The 
next object request, to create an event object 276, is then 
moved to the top of the input/output request queue. When the 
event object is created, it is also added 278 to the active object 
list. 
An object remains active until the objects Java Virtual 

Machine garbage collector reference count decreases to Zero. 
(See FIG. 9, above). Additionally, objects can contain refer 
ences to each other, as necessary. For example, the relation 
ships among a window, a button within the window, and text 
displayed on the button are indicated by such references. 

FIG.17 is a description of functionality within a Java.AWT 
accelerator Window/View system 252, according to the 
invention. The microcode for the hardware equivalencies of 
the Java. AWT application framework is implemented in the 
general graphics controller 82. In the preferred embodiment 
of the invention, the functions performed by the general 
graphics controller include: 

Creating Frames (i.e. windows); 
Creating Components (i.e. views); 
Passing image data to the Image Renderer; 
Passing text to the Font Renderer; 
Passing shapes to the Polygon Renderer, 
Allowing selection (focus) for frames and components; 
Deleting frames and components physically from a dis 

play; 
Traversing object hierarchy when a paint method in a view 

is called; and 
Handling mouse and keyboard events by “passing them 
down through a chain of frames and components. 

The functions performed by the window manager 254 
include: 

Drawing windows using polygon draws in the Polygon 
Renderer; 

Managing windows so they can overlap: 
Determining the frame that an event occurred in and noti 

fying the appropriate layout manager instance that it 
may need to update; and 

Overseeing container hierarchies within each frame. 
The windowing/view system also includes a layout man 

ager 256 and a component manager 258. The layout manager 
belongs to (is referenced by) a frame, and performs the func 
tions of: 
Managing container hierarchies within a frame's scope: 

and 
Determining the container that an event occurred in and 

directing the container to update, if necessary. 
The functions performed by the component manager 

include: 
Managing component hierarchies within a container's 

Scope: and 
Determining the component that an event occurred in and 

directing the component to update, if necessary. 
FIG. 18 is a block diagram of an example of a Java Abstract 

Windowing Toolkit Window/Container/View instance hierar 
chy 290, according to the invention. A frame 292 can contain 
one or more containers 294, 296. Each container, in turn, can 
contain one or more components, of varying types. 

FIG. 19 is a block diagram of the Java.NET objects Sup 
ported by the invention. Authoring tools can be provided to 
permit a user to create Java.NET and Java.IO framework 
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objects and methods by assembling preexisting components 
from the:Ready.NET/IO framework 154. 

Java.NET classes 320 supported in the preferred embodi 
ment of the invention include: 

Datagram Packet 324; 
DatagramSocket 326; 
HttpURLConnection 328; 
InetAddress 330; 
MulticastSocket 332; 
ServerSocket 334; 
Socket 336: 
SocketImpl338; 
URL 340: 
URLConnection 342: 
URLEncoder 344; and 
URLStreamHandler 326. 
Java.IO classes 322 supported in the preferred embodiment 

of the invention include: 
Buffered InputStream 348; 
BufferedOutputStream 350: 
ByteArrayOutputStream 352: 
DataInputStream 354; 
DataOutputStream 356; 
LineInputStream 358; 360; 
<Generalized Methods) 362; and 
<Generalized Functionalities.> 364. 
Many redundant Support objects are eliminated in the Jav 

a.NET accelerator without causing any loss of networking 
functionality. 

FIG. 20 is a functional block diagram of the Java.NET 
accelerator according to the invention. A thread that includes 
instances and methods of the Java.NET application frame 
work is offloaded from the Java virtual machine 16 and 
through the Java.NET software stubs 52 to the hardware 
object management system 22. The register interface 64 
Supervises and synchronizes all of the input and output trans 
fers between the host CPU 62 and the hardware object man 
agement System. 

Java.NET object requests are received and stored pending 
processing in the Input/Output request queue 108. The task 
processor 150 then directs each request to a hardware NET 
accelerator 370. The accelerator includes a networking sys 
tem 372 and a connectivity engine 382. The connectivity 
engine executes a request to establish, maintain, or terminate 
a network connection, for example, using Such network pro 
tocols as IP384, TCP/IP 386, and UDP 388. 

Microcode for the Java.NET accelerator is implemented in 
the Network Controller 374. The windowing/view system 
also includes a network query mechanism 376, a socket man 
ager 378, and a stream manager 380. 

FIG. 21 is a description of functionality within the Jav 
a.NET accelerator windowing/view system 372, according to 
the invention. The functions of the network controller 374 
include: 

signalling DNS queries; 
signalling socket creation, allowing multiple simultaneous 

Sockets; 
conducting network input and output; 
signalling closing of sockets; and 
operating as an abstraction layer over TCP and UDP pro 

tocols. 
The network controller can operate either synchronously 

or asynchronously. The network query mechanism 376 per 
forms DNS lookups and reports the results to the network 
controller. 
The Socket manager 378 manages Sockets that are in use by 

applications. This management includes opening and closing 
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the Socket connections. The Socket manager also determines 
the container that an event occurred in and notifies the con 
tainerto update, if necessary. When requested, socket status is 
transferred to the network controller. 
The stream manager 380 shuttles character/stream based 

input and output over the TCP/IP or UDP link. The stream 
manager offers a choice of input/output streams that differ for 
an applications use. Additionally, when requested, the 
stream manager transfers buffers to the network controller. 

Although the invention is described herein with reference 
to the preferred embodiment, one skilled in the art will readily 
appreciate that other applications may be substituted for those 
set forth herein without departing from the spirit and scope of 
the present invention. 

For example, in the preferred embodiment of the invention, 
only one hardware object management system is required on 
the ASIC for any number of supported application frame 
works. However, in alternative embodiments, multiple hard 
ware object management systems are provided. For example, 
a separate hardware component, such as an ASIC, can be 
provided for each Supported application framework, with 
each hardware component having a dedicated hardware 
object management system. 
The invention can be formed as a part of a computer sys 

tem, or can beformed as a part of an insertable device, such as 
a PCI card. 
One skilled in the art will readily be able to construct the 

hardware and software required for the invention using well 
known programming techniques and equipment. 

Appendices A-L, attached hereto and incorporated as a part 
of this application, further describe the features, functions, 
and structure of the invention. 

Appendix A is a logic description according to one 
embodiment of the invention. Appendix A details an example 
of the objects, parameter lists and local variables that pres 
ently need to be implemented for the invention to be Jav 
a.NET compliant. Appendix A is a list of objects, methods, 
and variables that have been used to build one embodiment of 
the invention. References to “dependencies' in Appendix A 
denote the objects upon which the said object is dependent. 
Similarly, references to “Exceptions' are Exception classes 
upon which the said object is dependent. 

Appendix B is a list of the Register Set for the Java.NET 
accelerator, according to one embodiment of the invention. 
The processor sends data to, and retrieves data from, the 
invention using this Register Set. 

Appendix C is an exemplary High-Level Command Set for 
the Java.NET accelerator according to one embodiment of the 
invention. This High-Level Command Set provides object 
based functionality in hardware that allows the Java.NET 
codebase to be consolidated into silicon. 

Appendix D is an exemplary list of an Low-Level System 
Service Interface/Description for the Java.NET accelerator 
according to one embodiment of the invention. 

Appendix E is an exemplary list of method equivalencies 
for the High-Level System Services of the Java.NET accel 
erator according to one embodiment of the invention. 

Appendix F is an exemplary list of Java.IO method equiva 
lencies for the High-Level System Services of the Java.NET 
accelerator according to one embodiment of the invention. 

Appendix G is an exemplary list of General OutputStream, 
Stream-based Object, and Object method equivalencies for 
the Java.NET accelerator according to one embodiment of the 
invention. 

Appendix H is an exemplary list of codes used for Excep 
tion Errors in the Java.NET accelerator according to one 
embodiment of the invention. Many operations, including 
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function calls in the invention, or Java.NET method calls, can 
result in exception errors. This is because requests related to 
sending and receiving data over Socket connections can fail 
for a variety of reasons. Several types of exception errors can 
occur within the Java.NET and Java.IO application frame 
works. The invention can Support these exception errors by 
making return values available to the software layer that 
exists on top of the hardware component. Thus, error check 
ing and handling can take place. 

Appendix I is an example of a Low-Level Implementation 
API for the Java. AWT accelerator according to one embodi 
ment of the invention. 
Appendix J is an example of a High-Level Implementation 

API for the Java. AWT accelerator according to one embodi 
ment of the invention. 
Appendix K is an exemplary explanation of the Object 

oriented Java. AWT accelerator according to one embodiment 
of the invention. 

Appendix L is an example of a silicon architecture accord 
ing to one embodiment of the invention. 

Accordingly, the invention should only be limited by the 
claims included below. 
The invention claimed is: 
1. An apparatus, comprising: 
a hardware accelerator capable of being interfaced with a 

processor for accelerating the execution of an applica 
tion written utilizing an object-oriented programming 
language by offloading the execution of the application 
from the processor to the hardware accelerator; and 

a software stub that controls interfacing of the hardware 
accelerator with the processor, 

wherein the object-oriented programming language 
includes at least one of a Java programming language 
and C++. 

wherein the apparatus is operable Such that object requests 
made by a thread running on the processor are offloaded 
to the hardware accelerator for allowing the processor to 
process instructions. 

2. The apparatus of claim 1, wherein the object-oriented 
programming language is C++. 

3. The apparatus of claim 1, wherein the object oriented 
programming language is the Java programming language. 

4. The apparatus of claim 1, wherein the acceleration 
occurs at a hardware gate level. 

5. The apparatus of claim 1, wherein the hardware accel 
erator is formed as a part of an application specific integrated 
circuit. 

6. The apparatus of claim 1, wherein the hardware accel 
erator is further comprised of a Java.Net framework circuit. 

7. The apparatus of claim 1, wherein the hardware accel 
erator is a component of a system including a bus via which 
the hardware accelerator communicates with a processor. 

8. The apparatus of claim 7, wherein the system includes a 
display. 

9. The apparatus of claim 8, wherein the system includes 
memory. 

10. The apparatus of claim 7, wherein the system includes 
a personal data assistant. 

11. The apparatus of claim 7, wherein the system includes 
an Internet-capable telephone. 

12. The apparatus of claim 1, wherein instances and meth 
ods of application framework classes are offloaded to the 
hardware accelerator. 

13. The apparatus of claim 1, wherein the hardware accel 
erator comprises an Input/Output request queue interacting 
with the processor for receiving and sequentially storing the 
instructions pending execution of each instruction; a task 
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processor for processing the instructions from the Input/Out 
put request queue; and an active object list for tracking the 
number of reference counts to an instance and for deallocat 
ing an instance that is not in use based upon a result of the task 
processor processing the instructions. 

14. The apparatus of claim 1, wherein the hardware accel 
erator implements at least one Java programming language 
application framework, wherein the at least one Java pro 
gramming language application framework comprises a set 
of classes that embodies an abstract design for Solutions to a 
number of related problems. 

15. The apparatus of claim 1, wherein a part of the hard 
ware accelerator's memory is predesignated to hold object 
descriptors and parameters, where at a start of each object 
descriptor there is a status byte indicating whetheraparticular 
object space is in use. 

16. The apparatus of claim 1, wherein the apparatus is 
operable such that the object requests made by the thread 
running on the processor are offloaded through the Software 
stub to the hardware accelerator. 

17. The apparatus of claim 1, wherein the apparatus is 
operable such that the object requests are offloaded to an 
Input/Output request queue of the hardware accelerator and 
an object request is removed from the Input/Output request 
queue when a task processor allocates memory for the 
requested object. 

18. A method, comprising: 
accelerating the execution of an application written utiliz 

ing an object-oriented programming language, using a 
hardware accelerator by offloading the execution of the 
application from a processor to the hardware accelera 
tor, and 

controlling an interface between the hardware accelerator 
and the processor with a software stub; 

wherein the object-oriented programming language 
includes at least one of a Java programming language 
and C++. 

wherein object requests made by a thread running on the 
processor are offloaded to the hardware accelerator for 
allowing the processor to process instructions. 

19. The method of claim 18, wherein the object-oriented 
programming language is C++. 

20. The method of claim 18, wherein the object oriented 
programming language is the Java programming language. 

21. The method of claim 18, wherein the acceleration 
occurs at a hardware gate level. 

22. The method of claim 18, wherein the hardware accel 
erator is formed as a part of an application specific integrated 
circuit. 

23. The method of claim 18, wherein the hardware accel 
erator is further comprised of a Java.Net framework circuit. 

24. A computer program product embodied on a non-tran 
sitory computer readable medium, comprising: 

computer code for accelerating the execution of an appli 
cation written utilizing an object-oriented programming 
language, using a hardware accelerator interfaced with a 
processor by offloading the execution of the application 
from the processor to the hardware accelerator; and 

computer code for controlling an interface between the 
hardware accelerator and the processor with a software 
stub; 

wherein the object-oriented programming language 
includes at least one of a Java programming language 
and C++. 

wherein the computer program product is operable Such 
that object requests made by a thread running on the 
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processor are offloaded to the hardware accelerator for 
allowing the processor to process instructions. 
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